There is substantial evidence that the repeating cerebellar microcircuit implements an adaptive filter algorithm suitable for fine tuning a wide range of sensorimotor skills \[[@B1]\]. Although it is known that the multimodal map layer of superior colliculus receives a massive cerebellar input which directly influences collicular output cells \[[@B2]\], there has been little speculation as to the function of this influence. We suggest here that these cerebellar inputs play a role in calibrating the accuracy of collicular topographic maps.

The cerebellum is a plausible candidate for this role for a number of reasons. It is known to be crucial for accuracy of saccades generated by colliculus. It is also known that cerebellar lesions impair prism adaptation of eye movements. A recent imaging study \[[@B3]\] found direct evidence of cerebellar activation during prism adaptation and suggests that \"the cerebellum is particularly involved in \[establishing\] a correct spatial mapping among visuomotor and sensorimotor coordinates systems\". A modeling study \[[@B3]\] of collicular visuomotor mapping concludes that the transformation occurs in brainstem with the cerebellum adjusting it for accuracy, stating that \"\... the importance of the cerebellum has been neglected in previous modeling studies\".

Here we investigate whether the adaptive filter model of the cerebellar microcircuit which has been so successful in conventional sensorimotor contexts can be applied without change to the very different computational problem of calibrating a topographic map driving an orienting response. We propose a model in which (i) unimodal sensory topographic maps constitute a probabilistic representation of target position and that these maps are optimally combined to produce a multimodal map \[[@B4]\] whose peak activity drives the orienting response, (ii) cerebellar input can bias the position of peak map activity (e.g. by a process such as attentional gain modulation \[[@B5]\]), (iii) the cerebellum receives the sensory information that generates the topographic maps on its mossy fibre inputs, and (iv) information about orienting errors caused by miscalibration is made available to the cerebellum on its climbing fibre inputs and drives cerebellar learning.

We demonstrate in simulation that this mechanism can successfully calibrate topographic maps and go on to investigate its computational properties. For example we investigate a fundamental calibration ambiguity in which sensory maps can be miscalibrated in such a way that their effects on the combined estimate cancel. We show that this ambiguity is resolved in a plausible way if error signals are gated whenever a sensor fails to observe the target; a similar gating process has been observed in some motor behaviors \[[@B6]\].We also demonstrate that optimality of the cerebellar learning rule \[[@B7]\] ensures that Purkinje cell synapses carrying cross-talk between sensors are driven to silence, greatly reducing the need to hard-wire the connectivity of parallel fiber inputs to the cerebellar microzones.
